PCT 



INTELLECTUAL PROPERTY ORGANEAT. 
International Bureau 





(51) International Patent Classification 6 : 




(11) International Publication Number: 


WO 97/11715 


A61K 38/14, 38AM, 38/10, 38/16, 39/395 


Al 






(43) International Publication Date: 


3 April 1997 (03.04.97) 



(21) Internationa] Application Number: PCT/AU96/006I7 

(22) International Filing Date: 27 September 1996 (27.09.96) 



(30) Priority Data: 
PN 5680 



27 September 1995 (27.09.95) AU 



(71) Applicant (for all de signa ted States except US): THE AUSTIN 

RESEARCH INSTITUTE [AU/AU]; Austin and Repatria- 
tion Medical Centre, Austin Campus, Studley Road, Heidel- 
burg, VIC 3084 (AU). 

(72) Inventors; and 

}(75) Inventors/Applicants (for US only): SANDRIN. Mauro, Ser- 
gio [AU/AU]; 211 Barkly Street, Brunswick, VIC 3056 
(AU). McKENZIE, Ian, Farquar, Campbell [AU/AU]; 359 
Brunswick Road, Brunswick, VIC 3056 (AU). APOS- 
TOLOPOULOS, Vasso [AU/AU]; 14 Cobham Street, St. 
Albans, VIC 3021 (AU). 

(74) Agent: ROBERTS, Mark, Kemball; Davies Collison Cave, 
Level 10, 10 Barrack Street, Sydney, NSW 2000 (AU). 



(81) Designated States: AL, AM. AT. AU, AZ, BA, BB, BG BR 
BY, CA, CH, CN. CU, CZ, DE. DK. EE, ES, FI. GB.' GE,' 
HU. IL. IS. JP. KE, KG. KP, KR, KZ, LC. LK, LR, LS. 
LT, LU, LV, MD, MG, MK, MN, MW, MX, NO. NZ. PL 
PT. RO, RU, SD, SE, SG, SI. SK, TJ. TM, TR, TT, UA* 
UG, US, UZ. VN, ARIPO patent (KE, LS, MW. SD. SZ 
UG), Eurasian patent (AM, AZ. BY, KG, KZ, MD. RU. TJ, 
TM), European patent (AT, BE, CH, DE, DK. ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT. SE), OAPI patent (BF 
BJ, CF. CG, CI. CM, GA. GN. ML. MR, NE, SN, TD, TG) 



Published 

With international search report. 



(54) Title: MIMICKING PEPTIDES IN CANCER THERAPY 
(57) Abstract 

♦w _ Peplide mimi <*s of MUC1 or other cancer peptides which can be included in cancer vaccines and used in therapeutic methods for 
the treatment of cancer patients. 



BNSOOCID: <WO_97l 1715A1_I_> 



FOS THE FVKFOSES OF INFORMATION ONLY 



mSsrjrz is?* *- *+ • - « * ». w o, 



AM 

AT 

AU 

BB 

BE 

BF 

BG 

BJ 

BR 

BY 

CA 

CF 

CC 

CH 

a 

CM 

CN 

CS 

CZ 

DE 

DK 

EE 

ES 

n 

FR 
GA 



Armenia 

AltStTM 

AuitnJii 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada 

Central African Republic 
Congo 

Switzerland 
Cote d'Jvoire 
Cameroon 
China 

Czechoslovakia 

Czech Republic 

Germany 

Denmark 

Estonia 

Spain 

Finland 

France 

Gabon 



CB United Kingdom 

GE Georgia 

GN Guinea 

GR Greece 

HU Hungary 

IE Ireland 

IT Itafy 

JP Japan 

KE Kenya 

KG Kyrgystan 

KP Democratic Pfeople's Republic 

of Korea 
KR Republic of Korea 
KZ Kazakhstan 

Liechtenstein 
LK Sri Lanka 
LR Liberia 

LT Lithuania 

LU Luxembourg 

LV Latvia 

MC Mo naco 

MD Republic of Moldova 

MG Madagascar 

ML Mali 

MN Mongolia 

MR Mauritania 



MW 

MX 

NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RL 

SD 

SE 

SG 

SI 

SK 

SN 

sz 

TD 

TG 

TJ 

TT 

VA 

UC 

VS 

L'Z 

VN 



Malawi 
Mexico 
Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federal ion 

Sudan 

Sweden 

Singapore 

Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 



BNSOOCID: <WQ_9711715A1 J_j> 



WO 97/1 1715 

PCT/AU96/00617 

- 1 - 



MIMICKING PEPTIDES 
IN CANCER THERAPY 

FIELD OF THE INVENTION 
5 The present invention relates to anti-Gal«(l,3)Gal antibody binding peptides and to the use of 
such peptides in cancer therapy. 

BACKGROUND OF THE INVENTION 

A successful vaccine for cancer immunotherapy requires the identification of a suitable target 
10 anttgen and the production of a cytotoxic T cell response (25). Cancer mucins, particularly 
MUC1 (2), provide a suitable target in cancer as there is a 1 0-fold increase in mucin expression 
a ubtquitous (rather than polar) distribution on the cell surface, and altered glycosylate which 
reveals normally hidden peptide sequences (particularly an anti-MUCl antibody detected 
epnope: the amino acids APDTR from the variable number of tandem repeat region (VNTR) 
15 (27). These changes apparently absent in normal mucin generate new targets for immunotherapy 
(28). The APDTR sequence is immunogenic in mice leading to antibody formation whether the 
ant lg en ,s administered as purified mucin (MHFG) or peptides (29). Such studies of 
urtmunogenicity in mice would be of little relevance to humans, were it not for the findings that 
tumour specific CTLp exist in the lymph nodes of patients with cancers of either breast ovary 
20 or pancreas (30). Thus, theoretically, patients could be immunised with MUC, peptide 
sequences to convert their CTLp into functional CTLs which should have a therapeutic ami- 
cancer effect. 

The applicants have previously shown in a murine MUCK tumour model, that a 20mer MUC, 
25 VNTR pepude sequence (made as a GST fusion protein (FP)) when coupled to o^ei mannan 
(M-FP-oxtdtsed) generates H-2 restricted CTLs which protects from challenge with MUCK 
mouse tumours, and in addition leads to the rapid reversal of the growth of established MUC* 
tumours (stimulation of T, T cells) (International Patent App.ication No. PCT/AU9400789) 
(3 1,32). Based on the foregoing, adenocarcinoma patients have been immunised with M-FP and 
30 anybody and cellular responses generated. Nonetheless it is of interest that patients could be 
mtmurused, albeit weakly, against a self peptide, and both T and B cell tolerance appears to be 
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broken Despne the immu* rinses ^ m^, „ , ^ ^ ^ fa ^ 

- <rn.es arch as bre«, kidney, lung, ova,,. As k is ubiquitous. ami-mucin responses ^ , he 

poteotial for mducing au.oimmune diseases again*, any of the normal tissues. 

5 Surprising, when oonducting investigations with peptides developed to hind with ami- 
Galo(U>Ga. antibodies in relation to the problem of hyperacute xenograft ruction i, was 
found by the pmsent inventors that the human mucin peptides (arising from mud-muci genes 
_i— - — Pep .-. . in tab., .) a.so bound to the anti-Gnh* 1.3)0* antibody (see copending 
.nternational parent appiioatioo fled on 27 Seprember ,996, also has*, on Aus.ra.ian Pa,en. 
.0 Apphcation No. PN 5680/95). Given ma. me peptides developer. «o bind ,o anti-GaloO 3)0* 
aotibod.es exhibi. simiiar antibody binding characteristics to .he human mucin prides 'i, was 
posrulated ma. s,ch peptides cou!d be useful in generating an immune response again*, tumour 
antigens Being non-self peptides dais immune response has .he potential «o be greater .ban tha, 
generated by self peptides such as MUCl. 

15 

Accordingly therefore, i, is an object of me presen, invention «o develop nove, cancer 
rnrmunoti.e.pyvaccinesandmemodsofcancer.herapy. Omer objects of the presen, invention 
wtil become apparent from the following description thereof. 

20 

SUMMARY OF THE INVENTION 

According ,„ one embodiment of the present invention there is provided a cancer vaccine 
compnsing a peptide which mimicks MUC. or other cancer peptides and one or more 
Pharmaceutical acceptable canier or diluent, optionally in association with an appropriate 
carrier peptide or another therapeutic agent. 

25 

According to another embodiment of the present invention there is provided a method of 
treatment of a human patient suffering from or prone ,o suffer from cancer, whrch comprises 
admnustering to sard patient an effective amount of a cancer vaccine comprising a peptide which 
m,m,cks MUCl or other cancer peptide, and optionally one or more pharmaceutic^ 
acceptable canier or fluent, optionally also in association with one or more appropriate carter 
peptides or another therapeutic agents. 
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DETAILED DESCRD7TION OF THE INVENTION 

It is to be recognised that throughout this specification, unless the context requires otherwise, 
the word "comprise", or variations thereof such as "comprises" or "comprising", will be 
understood to imply the inclusion of a stated element or integer or a group of elements or 
5 integers but not the exclusion of any other element or integer or group of elements or integers. 

It was recognised by the inventors of the present application that o-galactosyl sugars such as d- 
galactose, melibiose, stachyose, methyi-a-d-galactopyranoside, D-galactosamine and derivatives 
thereof bind to anti-Gala(l,3)Gal antibodies. It was also noted by the present inventors that the 

10 Galo(l,3)Gal epitope is present on the surface of endothelial cells of animals other than higher 
primates (humans and old world monkeys). Higher primates do not make Galo(l,3)Gal as they 
lack a functional o(l,3) galactosyl transferase due to the presence of multiple in-phase stop 
codons and multiple insertions and deletions leading to frame shifts within the o(l,3)galactosyl 
transferase genes, which result in non-functional pseudo-genes (8,7). All humans however, have 

15 natural antibodies to Galo(l,3)Gal (15,18), which is probably due to immunisation with bacteria 
which carry a-linked Gal as part of the lipopolysaccharide. 

It is also known that the IB4 lectin which is a plant glycoprotein from the species Griffonia 
simplicifolia, is capable of binding to the Galo(l,3)Gal epitope. On this basis therefore, the 

20 present inventors proposed to locate peptides capable of binding to the anti-Galo(l,3)Gal 
antibody by screening peptides for binding with the IB4 lectin. A multitude of random amino 
acid sequence octapeptides was synthesised and displayed in a phage display library and screened 
for binding activity against the IB4 lectin, the surprising result of which was that a number of 
synthesised peptides demonstrated binding with the IB4 lectin. Similarly, other known peptides 

25 were also screened for binding against the IB4 lectin and it was surprisingly also found that the 
IB4 lectin bound to the protein core of the human mucin peptides (NfUC 1 -7) which are highly 
expressed on the surface of tumour cells (2, 1 9) and which in this situation have an altered pattern 
of glycosylation which leads to exposure of the protein core (3). It has since been demonstrated 
by the present inventors that the IB4 binding synthetic peptides (Gal pep 1 to Gal pep 7) 

30 obtained from the random peptide library and the mucin peptides both bind to the anti- 
Galo(l,3)Gal antibody, and can be utilised in cancer therapy protocols. 
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The phrase within fc peptidK ^ ^ ^ 

encodes an p.pudes which demonstme ^ ^ ^ ^ ^ ^ ^ P*« 

A. -ndicaror of necking MUC! is binding to ffi4 or ^(.^ 
Retave anW of pepudea fc ^,,,3^ Mtibody „ fo , ffi4 ^ ^ ' 
co^panng *. mol ar ^ „ ^ 5 „ % rf ^ 

by fccun or sugars, U si„ g an EL.SA t-^u immunosorbent assay) The detaiis of .his 
ntethod The pepu.es of the invention incite peptides having onjy as few as 3 amino acids 

,0 " P 2 > TTT Udta8UP,O ° reraedi,,g200ami,,OaCidS — tadta^ 

PeP " dK ° f 11,6 taVe,,,i0n — ^XXArZ 

-MM beiow, an. «he peptide, Ga. pep , to Gal pep 7, * is in no way ,o be considered 

tan-ng upon the invention. Other peptides which demonstrate .he re q uiai,e cancer peptide 
n^^andpamculaHypepudeswhichar.sMar.oGa.^ , . Gai pep 7 hu, whtch Lie 

15 within the scope of the invention. 



Although not to be considered limiting upon the scope of the invention, it is noted that the 
peptides exiting antibody binding characteristics which were located from the random anuno 
acd hbrary screening have the following consensus sequence 
20 ArXXArZ 

where Ar = tryptophan (W), phenylalanine (F) or tyrosine (Y) 

X = a small aliphatic or polar amino acid residue such as for example 
autamic acid (E), serine (S) aspartic acid (D), glycine (Q.isoleucine (I), alanine 
(A) or asparagine (N). 

Z = branched aliphatic amino acid such as for example valine (V) i so Jeucine (I) 
or leucine (L) 



25 



Particularly preferred are the peptides shown in Fig. , as Ga, pep 1 to Ga. pep 7 wfcch each 
conform w,th the above consensus sequence. 

30 



Other preferred compounds are the mucin glycopeptides MUC 1 to MUC 7 



(4). 
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TTK mos, prefared peptide however, is Gal pep , which ^ me Mquence DAHWE SWL and 
wkch can mimic .he confonnauon of.be MUC 1 VNTR peptides SAPDTRPAP/APDTRPAPG 
(which bind H-2D' and H-2L" respectively) 

S The applicant have previously shown tha, mice immunised with mannan-MUC 1 -peptides make 
cytotoxic T ceUs (CTLs). Bale antibody and are p,o«cted from MUCK tumour growth The 
same specific anti-MUC, responses can be produced by immunising with the peptide, of the 
tnvenuon and particularly the DAHWESWL peptide linked ,„ KLH, in that anti-MUC 1 (end 
anti-DAHWESWL) CTL responses can be induced or antibody produced and more particularly 
.0 spectfic tumour protecfion occurs ofmagnin.de greater than or similar to that obtained with 
mannan-MUC 1 peptide immunisation. 

I. is ajso possible ma. me peptides as outiined above which accord with the present invention can 
be conjugated «o otiter specie*. The o.her species comprehended include all Cornice, species 
15 whch can be .used to tite peptide in question wi.hou, affecting ,h« binding of .he peptide by T- 
cells Spectfic examples are for example Cher antigens which may elicit a separate immune 
response, earner molecules which may aid absotption or protect the peptide conceded fiom 
enzyme action in order to improve .he effective ha.f life of ,he peptide 0.her possibilities are 
conjugation of peptides .„ solid or iiouid phases for use in immuno assays for diagnostic or 
therapeutic purposes. Specific examp.es of peptide conjugation are conjugation to other sentm 
proteins or macromolecules. 

The presem invention rela.es «o memods of cancer .herapy which involve the peptides according 
tothepreseminvemion. !n particular vaccina which include peptides according to ,he invention 
can be administered to cancer patients to induce immunity to tite mucin core of aberrantly 
glycosy.a,ed mucins which are highly exposed on .be surface of tumour cells. Mucins are 
exposed ,„ adenocarcinomas in cancer of .he breas, liver, oo!on, pros.a.e and o.hers !„ 
•reatn,g cancer i, may usefid ,o conjugate peptides ,o o.her carriers ,o induce T cells capable of 
recognising and destroying cancer cells. 



30 



The presen. invention also rela.es ,o methods of vaccinating human subjects as a me.hod of 
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cancer therapy or treatment for auto-immune disease. In this wav the in 
a H m ;^,^._ L nUas wa y the inventive vaccine can be 



administered to human patients who are either suffering from, or pr ODe to suffer f 
autoimmune disease. P rone ^ suffer from cancer 



or 



5 In cancer therapy it is possible to immunise with oentide Mfri . 

«■ and defying ^7 ° '° '"^ * - 

antibodies w,h anti-rumour activ^ " a "~ > ' ~°° - 

The vaccine according ,o ,he invention may contain , siogle peptide _ 

■0 or a range of peptides which cover dirTeren, or simuar epLpl u Z til " >Ve ""°" 

** Polypeptide may „e provided with mu,ti P ,e epitopes T 1 T r " ^ * 

•o as a po.yvalen« vaccine. ' ^ ° f * refe -« 

In a preferred embodiment of the invention the peptide is coniunated m 

' 5 » «* — -us toxoid, diphrhetia toxoid o d 7" T" 

help. "xiaisea Kj-H in order to stimulate T cell 

The formation of vaccines is generally known in the art anH r »r 

to Remmgton's Pharmaceutical Sciences 2 e M !p ^ ^ be — 

20 USA. ' ' MaCk Pub, ' Shing Co > ^.Pennsylvania, 

For example, from about 0.05 ug to about 20 mg per kilogram of hnH • u 

administered. Dosage regime may be adjusted o p « IZ t 7 ^ * 

-™-r,d^ 
25 reduced as indicated by the exigencies of the the " pr ° p0r,,ona,, y 

■ntramuscular, subcutaneous, intra nasa,. intraderma, or supposirory routes 
using S ,ow reiease molecu.es by the intrapetitonea, route o by Z g " 
dendtire ce Us sensitised * «*„ and adoptive* .ranged to ,h ZT D " 
30 route of adoption, me peptide may be retired ,o be coa, « „ a I , ^ ? °" ** 
the anion of enzymes „,iH. . j u IO protec ' " fr om 

of enzymes, zeds and other natura, conditions which may inactivate said ingredienls 
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For exampie, the low Hpophihcity of „ e peptidM ^ ^ ^ ^ ^ ^ 
g^tearinal tract by chymes capable of cleaving peptide bo „ds Md jn the ^ 

coated by, or adhered wifl, a ^ l0 preven , ,, s ^ 
may be adhered in ao adjuvant, co-administ^ed with en*yme inhibitors „ „ 
Adjuvants con.emp.ated herein include resorcinol, non-ionio surfactants such as 
polyoxyethy.ene o,ey, ether and n-hexadecy, ^ etbe, EnzynK ^ 
parr^nc ^ debitor, dusopropylfluorophosphate (DEP, and trasylo, Liposome, indude 
water-in-oil-m-water CGF emulsions as well as conventional liposomes. 



10 



The acuve compounds may >,so be administered patently or intraperitoneal*. Dispersions 
n i also be prepared in glycero,. liquid polyethylene g,yco. s , and mixtures thereof and in oils 
Under cy, conditions of storage „,„ ^ ^ ^ ^ ^ 

prevent the growth of microorganisms. 

15 

"it? fonm sui,ab,e for iniec,awe u!e inc,ude ** ~ «*— 

~,ubl , or d,spers,o„ s and sterile powders for ,h« extemporaneous prepasatton ofsterile 
so,u„o„s or dispersion. ,„ a„ cases ,he fonn mus, be sterile and mus, be fluid ,„ .he 

extent ,ba, easy stability exists „ mus, be suble under ,he condiflons of manufacture and 
orage and mus, be preserved agains, the contaminating action of microorganisms such as 
bactena and <ung,. The carter can he a solvent or dispersion medtum containing, f„ r e*amp.e 
wa e, et ano,, polyo, (for cample, g,ycero,, propylene glycol and ,i q u.d polyethylene glyc^ 
«- he hhe , suitable muoures thereof, and vegetable oils. The proper fluidiry can he 
manned, for example, by the use of a coattng such as lecithin, by the maintenance of the 
« parttcle stae in the case of dispersion and by the use of supetfactama The prevention 
of . e aeon of mtcroosganisms can be brought about by vanous antibacterial and antiflmga, 

gent , or example, chlorobutanol. phenol, sorbic acid, theomersa, and the like. ,„ many cases 

IT h T '° inC """ agM ' 5 ' ^ « — » *>Hde 

Prolonged absotptton of the injectabie compositions can be brought about by the use in the 

composmon of agents delaying absorption, for example, aluminium monostearate and gelatin 



971171SA1J. 
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Sterile inject., solutions are prepared by ioc 

amount ,„ the appropriate solvent with various of the o,h„ • „• rK "" red 
- vanous sterilized acUve ingredient too a aeri.. vehicle which ""n~««. 
powders for me p^araUoo of sterile inject so.utioas, the p,*,^ * 7 

plus any additional desired ingredient from a „ • , , ° 8Ted,e '" 

tngredtent from , prevl0(Jsly ^.g,,^ ^ ^ 

10 Whenthe peptides are suitably protected as described ah™„ ... 

be enclosed in bard or soft she., gelatio capsule or it mav b. ' " " ** 

-^co^edduoctlywiththefoodofth ^ 3, "~ ■■■«-** 
-pound .ay b-i^ *^J^ h ^ * 
« troches, cap.. «ra, suasions, J^^TilT ^ 

and preparations should contain at least i v fc. • u , compos.t,ons 

.ber.p,u«ica,.y useful conditions is such th a, a suIlT T " 
- or preparatto, according to ^ZZZZZZ?^ 

The tablets, pills, capsules and the .ike may also contain the follow™ a bi „H „ 
.ragacantb, acacia, com starch or gelatin excinien, 7 0,n der such as gum 

as magnesium srearate; and a sweetetotg agent su h I Z H ^ ' ^ 
added or a flavouring agent such as peppennint, o fl of wtoergT Tl Z 7 " 

--ageuto^isacapsule.itmaycont.n.in^ T^Tj^T 

liqu d carrier v a rin,,c "wienais of the above type, a 

sM.ac. sugar or bo A 2 7 ^ ^ " ™> * «~ 

A syrup or ehxn may contain the active compound, sucrose as , 



>-<WO 0711715A.J_> 
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sweetening agen,, methy, and propyiparabens as preservatives, a dye and flavounng such as 

5 aC " Ve COn,POUDd bC ™° — «— prepay and formations 

As used her^n -phannaceuucauy acceptabie canier and/or diiuenf inciudes any and a.1 soiveots 
■sperston med. and antifcnga, a g en tS , .sotontc and a. OIpU on deZ 

agents and the hte. The „ se of ^ medja ^ ^ fc ^ 

Supplemental acttve mgredients can aJso be incorporated into tbe composition. 

.. ise^auy advantageous to fonnuiate parenrerai compositions in dosage unit form for case 
f^_ ODandunifomityofdMage riosageunitromtasusedbereinreferstopbysicX 
-5 dtscrete ututs sutted as notary dosages for the mamm^ subjects ,o be treated eacb^ 
contanung a predetermtned q ua„ tity of active ^ ^ 

Ute nove, dosage urn, , orms of the mvention „ ^ ^ 

Tatlen of r 0nS ; " ^ " "* " — — « - - 

treatment of d.sease ,„ „vmg subjects having a diseased condition in which bodiiy health is 

impaired as herein disclosed in detail * 

The principal active i„ gre dien, is compounded for convenient and effective administration in 
* effect^, with a suitabie phannaceutically acceptabie carrier in dosage u j Im 
eremoefore disciosed A urn, dosage form can, for e*amp,e. contain the rincipauliv 
ompound .„ amounts ranging ft0 m 0, M g t0 about 3000 mg. E „ in 
ttve compound is generaiiy present in from ahou, 0, , m of caiTier . V*. cle 
-postnons con.ai.ng suppiementary active ingredients, the dosages are detetmilby 
reference to the usua, dose and manner of admintstration of the said i„ e redien,s 
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Still mother aspect of the present invention is directed to antibod.es , 0 the pe p, idts Such 
anfbod.es may be monoclonal or polyclonal and may be selected from naturally occurring 
annbod.es ,o the peptide or may be specifically raised to ,he peptides In me case of the latter 
thepepudes may need firs, to be associated with a carrier molecule The antibodies and/o^ 
5 pepndes of the present invention are particularly usefi.1 for immunotherapy and vaccina,™ and 
may also be used as a diagnostic too. for infection or for monitoring the progress of a vaccination 
or therapeutic regima. 

It. another aspect of the invention mere are provided nucleotide fences encoding the proteins 
10 accordmgto the present invention. Preferably , he nucleotide sequence encodes Gal pep 1. 

Nucleotide sequences may be in the form of DNA, RNA or mixtures thereof. Nucleotide 
sequences or isolated nucleic acids may be inserted into replicating DNA, RNA or DNA/RNA 
vectors as are well known in the an, such as plasmids, viral vectors, and the like „ 

15 al. Molecular Cloning A Laboratory Manual, Coldspring Harbour Laboratory Press NY second 
ed,,.o„ 1,89) Nucleotide sequences encoding the antibodies of the preen, invention may 
mclude promoters, enhances and o,her regulatory sequences necessary for expression 
transection and translation. Vectors encoding such sequences may include restriction enzyme 
sues for the msertion of additional genes and/or selection markers, as well as elements necessary 

20 for propaganon and maintenance of vectors within cells. 

Nucleotide sequences encoding antibodies according to the present invention may be used in 
homologous recombination techniques as are well known in the art CapeccH MR. Atanng the 
Geneby Homologous Reconviction, Science 244:1288-1292, 1989, MerlenoGT Transgenic 

25 Ammals in Biomedical Research, FASEB J 5:2996-3-001,1992; Cosgrove e. al, Mke Lacking 
MAHC class II molecules, cell 66:1051-1066, 1991; Zi) .s,ra e. al, Germ-Line Transmission of 
a Dieted B2-Microglobulin Gene Produced by Homologous Recombination in Embryonic 
S,em Cell*. Na,ure 342:435,1989) ,„ such , echniqiles , nucleotide ^ 
pepndes according to the invention are recombined with genomic sequences in stem cells ova 

30 or newly fettilised cells comprising from 1 to about 500 cells Nucleotide sequences utilised in 
homologous recombination may be in the fonn of isolated nucleic sequences or in ,he con.ex, 
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of vectors. Insertion of new active genes by transgenesis is also comprehended. 

The present uwention win now be described with reference to the foHowing non-Hmiting figures 
and examples. 6 

5 

IN THE FIGURES 

Figure J. Ami„ 0 ^ Kcfaxa of ^ ^ ^ ^ ^ ^ ^ ^ 
actd se,uenc« were deduced from the DNA sequence encoding ft. amino-termiua, octapeptide 
10 of pill from phage ektted from B4 lectin with 200 mM Lmethy, galactose. 

Figure 2. P cpti de i^idon ofhemagghnination Varying concentrations of Ga, pep I (o) 
orCD^pep , (♦)<^mmMonh () Hzon B ,^) w «^ ta ahemagg 1 u„n,, 1 on tt l 
^ ^ ustng p,g RBC as targets and either (A) D34 lectin (l pg/ml, or (B) NHS (final dilution of 1/32) 

ofCr' ,, ^"^^^^'-P^byG^pep. w, staining 
fPIEC cells w„h ma lectin (, Mg/ral , (B) Staimng of PEC ce.,s with NHS (finaj dilution of 

2T^Tr lS ^^^-^-"^'-"(^nn,. Peptides were used a, 

20 ft T " ! 20mM W ~" Pa " d Pr ° file V "~ « - P-nce 

ofGalpep 1. and profile "b" the binding in the presence of CD48 pep ,. The profile of binning 

wnhou, pepfide, for both me B4 ,ectin and NHS. was identica, to profile v in each pane, (no 
shown for clarity). 1 



Fjure 4. Inhibition of cytotoxicity due to nature, antibody and complement by Oa. pep I 
Varyntg concentrations of Ga, pep I (o) or CD48 pep , (., (shown in ^ on hon2oma| ^ 
were exammed ,n a cytotoxtcity assay using NHS (fina, dilution of 1/25) and PffiC cells as 
targets. Venice, axis shows % lysis; cells were ,95% viable and complemen, control was 

30 * , ,nhiW,i0 " ° f b,ndi ° 8 ° tm4 leC,ina " d "WWal ,gO to Ga,«(l,3)G.|. 

BSA by o gosaccharides or peptides Varying concentrations of inhibitors (shown in mM on 
hortzonta, axts) were examtned in an Elisa for inhibition of ffi 4 (,6pg/m,) (A B) or and- 
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Galo(l,3)Gal IgG antibodies (75ug/ml) fC n , i„vu 

- D). Vertica, ^ shows l ~ " ^ «* « ™* P=P -WO 

5 F/^re 6. p e p tide inhibition of IB4 lectin 
•he binding of B4 lecti „ ( •>«« f„ r abUity ,„ inbibjt 

(b)Muc pep 2(Q), .T2°;Xr S 

y h muc P e P 4 (o), Muc pep 5 (•). 

10 Figure?. Inhibition of IB4 lectin hinw;„ ♦ 

~- - . usi „ g jzs-^nr- : nuci " ~- m 

peptide control. * Inh,b,t,0n caJculated relative to no 

horiaontal axis shows od a, 405 nm. ^ "" Sh ° WS P e P ,id « -* 

Fig-re 9. Inhibition of anti-MUCl mAb by Gal dcd 1 v.™ 
20 (^"nin^onto^^^ ' P p l Va ^"S concentration* of peptide, 

25 w^mAb. (C) stained with IB4 lectin. 

(A. B. C or fre, froaen Le ( 0 ^ lolT ^ 7 T ^ 
•"filtrating breast carcinoma D poorlv diff ■ 7 differentia ^ 
30 ^rate,^ carcinoma. E: 

magnification x 200. **enocarc,noma of the colon Original 
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Figure 12A & 12B Antibody dtres in mice immusined with vanous preparations (see Figure) 
and tested on Gal peptide coated plate (Fig.l2A) or on MUCl-peptide (CP»-32 peptide) caoted 
plate (Fig. 12B). 

5 Figure 13 DBA 2" mice were immunised three times intraperitoneally and mice were 
challenged with P 8 15 MUCK on P815 tumour cells. Mice immunised with Gal-KLH, Gal-KLH- 
FCA and Gal-KLH-mannan and challenged with p815 MUC1\ 

Figure 14 Direct CTL assay using p8 1 5 MUC 1 * (Tm2) or P8 1 5 targets. DBA/2 mice were 
10 immunised with MFP, or Gal-KLH. 

Figure IS CTL-assay using CTLs from DBA/2 Gal-KLH immunised mice on peptide 
(overlapping 9-mers spanning the MUC 1 VNTR) pulsed P8 1 5 target cells. 

1 5 Figure 16 CTL assay using CTLs from HLA-A2/K" immunised mice with MFP or Gal- 
KLH. Target cells were either autologous spleen pHA-blast peptide (MUC 1 ) at pulsed cells or 
HLA-A2 pHA-blast PBMC peptide (MUC1) pulsed. 

Figure 17 Histological analysis of malignant human tissue with anti-Gala( 1 ,3)GaJ antibodies 
20 Human anti-Gal«(l,3)Gal antibodies used in an immunoperoxidase staining on formalin fixed and 
paraffin embedded tissue (A), and tested with human serum depleted of anti-Gal(l,3)Gal 
antibodies (B). 

25 EXAMPLE ' * A "S™ ° F PEPnDES BY ANTI-GALA(1^)GAL 
Materials and methods 

Isolation of peptides from a peptide library 

A random octamer library was constructed and screened by affinity purification [ 1 2] using the 
IB4 lectm (Sigman, St. Louis, MO.) from Griffonia simplicifolia, which binds to bind to the 
30 Gala(l,3)Gal [5]. After three rounds of screening phage clones that displayed specific binding 
to IB4 were amplified and their DNA sequenced. 
Cells 

The pig endothelial cell line, PEC, was obtained from Dr, Ken Welsh (Churchill Hospital. 
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Oxford, UK). Peripheral blood lymphocytes (PEL) erythrocytes fRfin „ fc 

fresh pig blood [14]. Ovocytes (RBC) were obtained from 

Synthesis of peptides 
S Peptides were synthesis „ sillg „ App^ Bj 

purined (,o ,90%) by „ phase ^ tmSmmxt * "** W and we,e 
Assoda.es, Mi,fcrd. MA) on . C-8-Aquapore RP 300 c Chr0ma,0grap1 "' <*— 

1 0 Applied Biosystems. ^ theS,S WCre purchased *» 

Normal human serum (NIIS) was obtained from 10 h~»uu ■ 
' 5 punned fiom „« NHS by fa* ihed—ta, on a Protein G 5 „nar~ ^ ' 

^..3^,,^ conned g ,ass beads ^ ^ 

conjugated sheep ami-human IgM, sheep anti-mouse ItG and H „• 

conjugated sheep ami-human IgM or IgG wereT, „ . (HRP) 

'^am, UK, The 
/ « aa prooucea at the Austin Research Institute nm t^tt,^ 
lectm was labe „ed with HTC or biotin fl4,9J. Melib.se [Gala*, £££ 
obtamed from Sigma, and Ga,« (1 ,3 )Gal , either free or coupled to BS A ! 
Dextra Laboratories (Reading, UK). ^ WaS ° bta ' ned from 



25 

Serology 



The binding of lectin or antibody to the surface of pig cells was detect „ k 
[14], cytotoxicity f211 „r fi d by hema 8g'"tination 

j. cytotoxicity [21] or flow cytometry [14] using the FACSP am n 

Dickinson. Mountain View. CA). FACSCAN flow cytometer (Becton 



30 

Elisa 
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Relative affinities of*, sugars or the peptides, fot both B4 lectin and human Mturd 
were oaicuiated by comparing the molar cone^on required to M soy. illhiWtton of 
btmhng of antibody or lectin by sugars or peptides, using an ELISA: 50pl of Gal«( , JjOal-BSA 
(Dectra Laboratories) a, a concentmtion of lOpg/ml in 0.2M cartonate buffer pH 9 6 were 
5 added to use wens of an ELISA plate (Greiner, Frickenhauset, Gormany). at m fof 

2 hours under humidnying conditions and non-specific binding sites were blocked with 2% BSA 
for I hour a, 37'C 50 M , of either purified ^.(,,3,0. IgG or biotinylated B4 lectin, was 
added to the wells, incubated for 45 minutes at 22'C, washed with PBS-0.05% Tweon 20 and 
SOplofth.^.nRPco^g^^^i^fi,,,^^ 

10 and the addition of 50p, of substrate (2.2- Aaino-di-B-ethyiben^oaoline (Zymed San 
Francisco. CA)) and reading the OD„, 

Results 

Isolation of peptides that bindlB4 lectin 

.5 ^^^.*^«\M**«^^^^ wm ^^ 
cycles of panning, elution and amplification against immobilised B4. After the third cycle of 
panntng. 9 randomly selected phage isolates displayed specific IB4 binding The DNA from 
these clones was sequenced and the deduced peptide sequences are shown i„ Fig. 1 (N B one 
sequence, DGHWDSWL, appeared in three separate phage isolates). These peptides have , he 

20 consensus sequence ArXXArZ, where Ar = W, F or Y, X is a smafi aliphatic or polar residue and 
ts a branched aliphatic amino acid. One of these sequences, DAHWESWL (Gal pep !) was 
syn.hes.sed for further studies and found to inhibit, by 50%, B4 reaction with galactom^nan 
(from Cassta alala) at a concentration of 5mM (not shown). 

25 Peptide blocking ofIB4 lectin and NHS hemagglutination of pig RBC 

Inhibition of hemagglutination of pig RBC by B4 using Ga, pep 1 was consistently observed 
(F,g.2): complete inhibition of B4 induced hemagglutination was observed using Gal pep 1 in 
■herange of 5mM to O.I5 6m M. with no inhibition using the control peptide CD4 8 pep I 

30 KC ><Fig.>A> Similarly, partial blocking of hemagglutination ulg 

30 NHS was observed with 5mM Gal pep 1 but not CD48 pep 1 (Fig. 2B). 
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comply Me £ * »< .o HEC and pig PBL; ^ , 

5 '° P * C occur*, . concenMi ° ** of human Mtural 

— „ ^ N „ i i rz ( ; 3b L Bwno,wbMu — 

concenrratioo of20mM(Fig. 3 A 4 B, « MD , „ "~ CD < 8 W > a, a 

a pep.ide concentration of 5mM (Fig 3C > I *" *" W ° dine 0f B < PBL a, 

S ^°^^ns WBsh J ' ^ C00 ' r01 WUde had no euec, The 
'0 monocional antibody ,o human PBL ,da„ no, " " ^ 0 " * WOdra8 ° f MU - CD48 

1 had no affec, (F,g 4 ). ( ' 0mM ,0 2 5 "*«>. whereas CD48 pap 

Relative "affinities" of Gal Den i „_j 

AnEBsawaa^,^,,,^^ 

i-M^l.JXl—dhrfta and ,o coT . ' we ®^ lectin and 

Oa-«(..3)Cml.BSA. and for ,h= blocking experioT *° *- on 

* .o give 50 % of „ e ^ Q ' ~" " »» I- man U», 

I are shown i„ Ki g. 5; , he ffl4 * 0*(, J)ai or 0ai pep 

^CAD,^^ 8 ^^^^^'-^^anohodi^ 
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C* P.P . WW ft. bindtng of ^ anU-^u^ Ig0 comparK) ^ 
binding of antibody or lectin. 



5 EXAMPLE 2 



RECOGNITION OF HUMAN MUCIN PEPTIDES BY ANTI- 
GALa(l,3)GAL ANTIBODIES 



Materials and methods 

Cells 



MUCH3T3 ce„s ( MOR5 «,,,), produced by imroducing C DNA ^L^,^ 



15 Antibodies, lectin and saccharides. 

nact.v3.Ki at 56 C for 30 rmnutes before use. Purified human anti-Gal* I 3W3al l.r , k .r 
w r iaoiated fiom ^ by firs „ y ^ of , gG ^ a 

(1 3)Ga,p ( ,,4 )GluNAc CMted ^ beads (Syji[Mome 
human IgM or , 8 G were obtained from Siienus Laboratory Pry Ltd „ AustraIia ^ 

tbe APDTR epitope of tbe human MUC, moiecuie, „ described eisewhere ^ 
25 Tbe IB4 lecun from Gnjfonia simpUfifolia, which binds to Gai«(l 3 )G al f 23 l L 

glucose <S, 8 ma, were pure The 0^0,3,0, disaccbaride, either fiee r c ^ 
was °>»»"K<i from Dextra Laboratories, UK P 

30 Peptide synthesis 

Peptides were synthesised us,„ g an Appiied B.osystems Mode, <30A automated synthesiser 
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(Apphed Btosysren*. USA) based on U* stands Merrifield solid phase syndesis method [25, 
H"" S WWe P-*- ' *» AppUed Biosystems Crude p, pli des were 

punfied by reversed phase high performance li,uid phase chromatography (HPLC) (Warers 
Associates, USA) on a C-S-Aouapore RP-300 column using . ^ ^ 

m ^ aCid/a — Th < ^ ">-* Pepddes was ,90% as judged 

by HPLC analysis Peptides were dissolved in phosphate buffered saline (PBS) prior to use io 
the s«olog,cal assays. The peptides used in this study are listed in Table 1 

Serological assays 

.0 Peptides or carbohydrates were examined cytofluorographicafly for their ability to inhibit 
b ^ cell surftce using a FACSCAN flow cyromerer (Becton Dickinson 
USA)[20]: 25p. of inhibitor was mixed wW. 25pl of antibody of lectin and incubated at 22'C 
for 3 hours (peptides) or a, 4'C for 16 hours <carbohydra,es)[,4], prior ,o addition of 
appropnate targets An Elisa assay was used to calcu.a,e the reUtive affinities of*, sugars or 

1 5 *. pepudes for both B4 lectin and antibodies, and were denned as the mo.ar concentration of 
■nhthnor giving 50% inhibition of the maximal binding of lectin or antibody 



Transfection studies 

20 COS cel., transfection experiments were performed usiog DEAE Dexrran [13] and a cDNA 
clone encoding human MUC. [6J, or a cDNA Cone encoding the porcine 
«(l,3)gatac,osyl,ransferase [16] Aa additional consols, COS cells were also ,ransfected with 
•he vector tacking an insert (mocj transfections). Indirect immunofluoresc^ce was performed 
on cell monotayers in 6 wdl tissue culture pla.es using fluoresceinated B 4 lectin (which binds 

25 only ,„ Gal„ (l , 3)Gal) , or anti-MUC, monoclonal antibodies, 3E..2[4] and VAI[28] and 
immunopurified sheep anti-mouse IgM or IgG to detect antibody binding 

Histological analysis 

Fresh or formalin fixed human ttasue was incubated with biotinylated IB4 lectin (a, .OOpg/ml) 
30 for 50 mtn a, 22'C, washed, incubated with streptavidin-HRP for one hour, followed by 
dtanunobenaidine (Amersha, International. UK) a, ,.5mg,ml with 0.05% H A for 5 nun. pnor 
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.0 the removal of excess rubsrae by washing in running up water for 3 nun. The sections were 
countered w«h hematoxylin, mourned and examined microscopical Tissues aaining was 
graded independently by two investigators and scored as: 0 (oo staining) to 4 (very strong 
staining). 6 



Results 

Our previous studies had shown that:- 

natural human antibodies of use IgM and IgG classes bound to a single epitope in .he pig 



(b) 



Gala( 1 ,3)Gal (IB4 lectin binds the same epitope) (15,16,171; 

the antibodies and DM lectin could also bind to the synthetic peptide DAHWESWL 
Dunng these studies and testing the specificity of peptide binding, i, was apparent that 
the anti-GalaCUXSal reagents (antibodies or DM fectin) could also bind to other 
peptides - notably those of the protein core of several mucins 

15 

BlocUng IB4 iM„g ,„ Gcia(U)Gal expressing pig cells by muci „ AprlvedpepMes 
Muc pep ,. derived from the MUC1 VNTR, could block the binding of DM tain to the cel. 
surface of PD=C c* (Tig. 6); there was ah™ complete inhibition of bindtng to a concentration 
ofOl^mM-indeedtheirtibitionbyfiteMUC! VNTR peptide was greater than that found 
wtth the previous* identified B4 lectin binding peptide, Gal pep , (Fig 6a), When other 
pephtfes derived from the VNTR region of MUC 1 were examined (see Table 2 for sequences) 
complete inhibition was observed with Muc pep2 and Muc pep 3. and partial inhibition with Muc 
pep 4 and Muc pep 5 (Fig 6b). The data can be reformatted as % inhibition a. 5mM to show 
compare bindutg (Fig 7), with the same trend was noted at 2 other concentrations (data not 
shown). Muc pe P 6, derived from sequence amino tennina, to «,, VNTR, showed pariial 
tnhtbmon; by contrast Muc pep 7, derived from the same region, did no, (Fig. 7). Muc pep 8 
denved fiom sequence carboxy terminal to the VNTR, also inhibited DM binding ,o PEC cells 
(F.g. 7>. Peptides derived from the VNTR regions of other human mucin molecules showed 
vanable results: Muc pep 9, derived from the VNTR region of MUC 2, did no, i„hi bil bindtng 
whereas bo.h Muc pep >0 and Muc pep 11, derived from the VNTR region of MUC3 and 
MUC4 respectively, inhibited IB4 binding (Fig 7) Thus, peptides denved from the VNTR and 
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elsewhere in MUC1 can inhibit the interaction of IB4 with its ligand, Gala(l,3)Gal. It should 
be noted that these peptides have been used to produce anti-mucin mAbs which specifically 
recognise the immunogenic peptide and there were no cross-reactions of the antibodies with 
other peptides, although the sequences are similar [23] 

5 

Inhibition of binding of IB4 and anti-Gala(l,3)Gal antibodies to Gal*(l t 3)Gal by mucin 
peptides. 

Mucin peptides were also examined for their ability to block the binding of JB4 lectin and anti- 
10 Gala(l,3)Gal IgG to the oligosaccharide epitope Gala(l,3)Gal-BSA bound in a microplate using 
an Elisa test (Fig.8). At a peptide concentration of 5mM, complete inhibition of binding of IB4 
was observed with peptides Muc pep 1, Muc pep 3, Muc pep 4, Muc pep 5, Muc pep 6 and Muc 
pep 1 1 (Fig.8a). By contrast Muc pep 7 and Muc pep 9 gave no inhibition of binding. Gal pep 
1 inhibited as previously described, and the control peptides CD48 pep 1, CD4 pep 1 and TNF 
1 5 pep 1 did not inhibit IB4 binding (Fig. 8a). 

In accord with the inhibition results obtained previously with human antibodies, a higher 
concentration of Gal pep 1 was required to inhibit the binding of the purified human anti- 
Gala(l,3)Gal IgG antibody than with the IB4 lectin (Fig. 8b). The three peptides tested from 
20 the VNTR region of human MUC1> Muc pep 1, Muc pep 3 and Muc pep 1 1 inhibited the 
binding of anti-Gala(l,3)Gal IgG (Fig. 8b), with Muc pep 4 showing partial inhibition. The three 
control peptides (CD48 pep 1, CD pep 1 and FcR pep 1) had no effect (Fig 8b). 

Relative affinities of mucin peptides for Gala(l,3)Gal. 

25 Elisa results were used to calculate the relative affinity of the mucin peptides for the IB4 lectin 
and for human anti-Gala(l,3)Gal antibodies, and to compare these with the affinity for a- 
galactosyl sugars. Biotinylated IB4 lectin and purified anti-Gala(l,3)Gal IgG antibodies were 
titered and for the affinity experiments were used at two dilutions less than that required to give 
50% of the maximum OD 405 reading; the concentration of peptide or sugar which inhibited the 

30 binding of antibody or lectin by 50% was calculated as a measurement of relative affinity (Table 
3) The studies showed that 0.3mM Gal pep 1 inhibited the binding of EB4 compared with 
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<0.03mM Ga,tt(l,3)Gal; 0.078 mM Muc pep 1. 0625 mM Muc pep 3, 0 975 mM Muc pep 4 
w5 mM Muc pep 5, . 25 mM Muc pep 6 and 0 ,56 mM Muc pep , , mhibited the binding of 
DM, 0.03tnM Ga,.(,.3)CW inhibited the binding of the anti-Oa,* , .3** igG compared with 

" mM P=P'.3.75 n MMucpep3, 5m MMuc P .p4and2.5mMMucpepU(Tab.e3) Al, 
^mucinpeptidesMbi.eda.alowerconcen.radon.ba.GalpepUlOmM). Nefther the CD48 
pep 1, Scram pep . (a random peptide of Ga! pep , «,„ence). nor glucose had any effect on the 
binding of antibody or lectin. 

Bloating of, he binding o/anii-mucin 1 mAb ,o mucin I by Gal pep I 
10 To extend these observations, the abilhy of Gal pep 1 to inhibit anti-MUCl mAb BC. was 
examtoed. The BC 1 mAb has been previously shown to specifically recognise the APDTR 
sequence of MUCl VM* [23,. The binding of BC, to MUC, ♦ 3T3 cells was inhibited by Ga, 
pep 1 down to a concentration of 0. , 56 mM (Fig. 9), in a similar fashion to Muc pep , These 

, pepudes are eouaay recognised by the mAb, suggestiog recognition of . s of 
structure. J 

Binding of/B4 to COS cells expressing MUC J on the cell surface 

20 m PreViOUSly *" ^ fr ° m °' d W ° r,d «" "*«■ *» « «*» 

the B4 ,ecun (,e ftey do no, express GahtfUX*), a„ d that GalB(1-J)Gal cM fce 

expressed on the surface of these ce„s otdy after transfecion with the porcine or mouse 
«(U gaiacsosyWeras. cDNA clones [16,17]. To examine whether expresston of human 
MUC, leads to IB4 binding transfection of COS cells with the full length human MUC 1 cDNA 

25 XTTrT MUC1 ^ °" C ° S »*- * ^ <*«■» 

MUCl mAbs (Fig. 10 a&b), these cells were also reactive with the IB4 lectin (Fig ,0c) Thus 

nattve MUC pdypeptide encodes amino acid sequences to which B4 can bind. When COS 

ce,,s transfected with the porcine a(,,3)ga,ac.o S y„ra„sferas= cDNA clone were exanuned from 

antt-MUCI mAb binding, weak staintag was observed (data not shown) 

30 Hisiological analysis of W4 reactivity of human tissue 

As .B4 and an,i-GaM,,3,Ga, antibodies bind to mucin peptide, histological studies with 
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m< lKtiB on human normal or ^ ^ 

3on3 1^'' Donna * breast tissues were reactive with the IB4 lectio, cotnparec^vrith 

3oH3 W cancers which were reacuve; 5 fornix fixed colon ^ ^ ^ J 

n^tonn ^^^^tis^s^showed^erhht^oftherB, .ecrin-O* 
5 nonna. hreas, ussue sanies tested hound DM .ecri* where* 4/4 the hreas, cancer dssue were 

^nUnve santp.es of «he his,o,ogica, ana!ysi S of h Um an ntaiigrun, ,i SSUK are shown (Fig 
IX Fonnahn fixed normal hreas, rissne which was no, reactive with DM-bioon. (Fi g ■ ,a) 

.nfiHra, tngd uctaihrea.ccinotnafissn.^ , „ h,c), where c^opiasntic suinin, 1 J 
»t»sc^yshown(Fig. llb ) and ceh sorface staining of the hrnten and gianduia, ceUs (Fig 

MO. B^,g of*. B 4 iecdn was also demonstrated on fresh frozen huntan nraiignan, tissue 
Po^y drifted, infihranng due*, hr«, ca^inonta tissue shows strong cytopiasntic 
s^g wtth m4-h.onn (Fig , ,d), wher^s seining of ^edous ta the Iumen „ ^ 
can be seen in a sampie of m od OT ,.,y differentiated, infihrating ducu, hreas, carcinoma rissne 
(F g He). There ,s also strong suining of secretions and ,he cv.op.asn, of ten ^ of 
colon tissue (Fig. 1 if). F 

H. «h. ,o .hose ohuined wi,h rite DM .ectin were also found wHh purified huntan and- 
G^UX* a„„bod,es (Fig. I7A). Strong cyop^c and cel. surface s,a.nin g was „o,ed in 
mos, sao.p.es . a , hose ^ lumiml smaion theM we ^ 

mtporun, +,o no,e ,ha, the Gaining was ahnos, complete , v elimiMted by ^ h 

r rt bMds s ° * - ionger ^ »^»o.^ 

cT n ^ St " dieS ^ iMa " *" ^ ° f "~" — ^ *• - an,. 

Galo(l,3)GaI antibodies. 



25 



EXAMPLE 3 - GAL PEP 1 AND MUC1 RESPONSE AND ANTI-TUMOUR 
ACTIVITY m MOUSE MUCr TUMOURS 

30 coup,ed ,o KLH or wi,h MUC. fission pro,ein con.uga.ed ,o oxidtsed nranna* 3 JL on 
unrapemoneahy (D, were given weekly „ is impomm I0 „ ote , ha , 
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exceedingly good CTL based immune responses with protection from challenge with large 
numbers (50x1 0 6 ) of the tumour cells. The oxidised mannan-MUC 1 gives high affinity CTLs, 
and little antibody, which are typical T x responses and such responses were confirmed herein 
(Fig. 12 A). We noted that the DAHWESWL-KLH immunised mice challenged with MUCK 
5 tumour had similar degrees of protection, which was entirely specific for MUCKP8 15 cells - 
there was no immunisation effect against P815 alone or other tumours (Fig. 12B&14) i.e. the 
anti-tumour immunity appears to be directed to the MUCT cells. 

The inventors previously showed that, in mice immunised with MUC1 peptide (not linked to 
10 mannan) had some protection evidenced by smaller tumours which disappeared earlier than in 
the controls. In the mannan-MUC 1 immunised mice there was little or no tumour growth 
apparent at all, i.e. the mice are entirely protected by this mode of immunisation. Similarly, mice 
immunised with DAHWESWL-KLH had little or no tumour growth, i.e. the mice appeared to 
be immunised to the same extent with the DAHWESWL peptide as with the mannan-MUC 1 
1 5 peptide. The effect was clearly specific as DAHWESWL immunised mice had normal growth 
of P815 cells (Fig. 13). Two other MUCK tumour cell lines (MUCT 3T3 or MUCT P815) 
were used in protection experiments and a similar degree of protection was noted (not shown). 

It was next determined whether the mice carrying established MUCT tumours could be 
20 immunised with the DAHWESWL peptide. It was clearly noted that a rapid reversal of tumour 
growth occurred (not shown) and this was specific for MUC1 . 

The nature of the immune response to DAHWESWL was further examined. The studies were 
performed in the knowledge that MUC 1 peptides induce Class I restricted CTL responses - the 

25 MUC 1 epitopes have been mapped and although do not contain typical K d , D d or L d binding 
motifs they satisfactorily bind H-2 class I molecules with high affinity The DBA/2 mice 
immunised with DAHWESWL peptide produced anti-DAHWESWL and ant i- MUC 1 antibodies 
and CTLs. In addition, anti-MUCl CTLs were also produced and appeared to have the same 
or greater activity than those produced by MUC1 mannan conjugates (Fig. 14). Clearly, 

30 DAHWESWL peptide could associate with Class I H2 molecules. 
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To determine which anti-MUCl epitopes were reacting with the anti-D AHWE S WL CTLs 
epitope mapping studies were performed using 9-mer peptides each primer peptide differing from 
the precedmg by one amino acid so that the whole 20 amino acid VNTR sequence could be 
scanned. The results were clear (Fig. ,5), only the peptides containing the sequence 
5 SAPDTRPAP or APDTRPAPG could lead to target cell lysis. There was no lysis of target cells 
with the other 18 peptides from the VNTR (Fig. 15) providing an appropriate specificity control 
Thus, DAHWESWL immunised mice could induce CTLs which react with precisely the same 
SAPDTRPAP/ APDTRPAPG sequences which we have previously shown to bind to H-2D- and 
H-2L- class I molecules respectively. In addition, the same sequences can be recognised in H- 
10 2K b mice after immunisation with DAHWESWL. 



However, these sequences cannot be recognised on HLA-A2 molecules, where, to recognise 
MUC 1 -HLA-A2 complexes requires immunisation with DLHWASWV or a related sequence 
derived from the provided consensus sequence. 



15 



Molecular modelling studies were performed to determine whether the MUC1 and 
DAHWESWL sequences were capable of conforming to the same shape. The modelling studies 
were done with the knowledge obtained from the crystallisation with H-2D d and H-2L" By 
computer modelling, H-2D d and H-2L' molecules were modelled with DAHWESWL/ 
20 SAPDTRPAP and DAHWESWL/ APDTRPAPG respectively and it was clear that the 
DAHWESWL/SAPDTRPAP/APDTRPAPG peptides are capable of assuming the same shape - 
although at this point crystallisation with class I molecules containing the peptides will be 
required to confirm this. It should be noted that DAHWESWL and (S)APDTRPAP(G) peptides 
have a completely different amino acid sequence, thus shape is important 

25 

It was next investigated whether the DAHWESWL peptide be presented by HLA-A2 could 
immunise for HLA-H2 presented MUC1 peptides. The inventors had previously found that 
(S)APDTRPAP(G) peptide sequence can also be presented by HLA-A2 (in addition to H-2D* 
and H-2L- as described above). However, HLA-A2/K b mice immunised with DAHWESWL- 
30 KLH could not generate CTLs which reacted with MUC1 HLA binding peptides when in the 
HLA-A2 class I groove (Fig. 16), although mouse autologous PHA blast targets were positive 
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( TT^T l " R1 ' 11,5 "* Md *"* *« shape 

of *, «WL peptide in *. «■ groove - de,ermined bo,h by *. peptide sequence JL 
a.so by 4. Cass , sequence. Tous ^ DAHWESWL peptide gives high., specific immune 
responses which appear ,o be direced to the human MUC, peptide present by MHC Cass , 
moecules. However, we now prenic, , ha, DLHWASWV win pro.ec. mice/humans agains, 
MUC! posmve tismours suggesting ,ha. she "W" molecules which are exposed and "stick out- 
er* .mponant in the recognition of the sequence by T-cells 

Thus using me examples provided for me Class . molecu!es H-2D*, H-2L', H-2K' and HLA A2 
■0 we can, by using the known peptide sequence, the known consensus sequences, and computer 
modehng, come up with mimicking peptide sequences which can immuni Z e agains, MUC, 
peptides „ bv Class , ^ on ^ ^ ^ ^ 

Class I molecules of humans can be deduced. 



15 It is to be recognised that the present 



invention has been described by way of example only and 



that modifications and/or alterations thereto which would be obvious to a person skilled in the 
an on the basis of the teaching herein are considered to be within the scope and spirit of the 
present mvention as defined in the appended claims. 
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CLAEVIS 

1 • A cancer vaccine comprising a peptide which mimicks MUC 1 or other cancer peptides 
and one or more pharmaceuticaOy acceptable carrier or diluent, optionally in association 
with an appropriate carrier peptide or another therapeutic agent. 

2. The vaccine as claimed in claim 1 wherein said peptide comprises from between 5 and 
about 200 amino acids and includes the consensus sequence. ArXXArZ wherein: 

Ar is the same or different and is selected from tryptophan (W), phenylalanine (F) 
or tyrosine (Y); 

X is the same or different and is a small aliphatic or polar amino acid; 
Z is a branched aliphatic amino acid. 

3. The vaccine as daimed in either eta , or claim 2 wherein said peptide includes on. or 
more of the following sequences: 

DGHWANWV 

DGNWAIYV 

DADWAGFI 

DAHWESWL 

DGHWDSWL 

VSTFDSWL 

GTSFDDWL 

4. The vaccine as claimed in any one of claims 1 to 3 wherein the peptide is DAHWESWL. 

5. A method of treatment of a human patient suffering from, or prone to suffer from cancer 
whach comprises administering to said patient an effective amount of a cancer vaccine 
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comprising a peptide which mimicks MUCl or other cancer peptides, and optionally one 
or more pharmaceutical^ acceptable carrier or diluent, optionally also in association with 
one or more appropriate carrier peptides or another therapeutic agent. 

The method as claimed in claim 5 wherein said cancer is an adenocarcinoma. 

The method as claimed in either claim 5 or claim 6 wherein said peptide comprises from 
5 to about 200 amino acids and includes the consensus sequence ArXXArZ wherein; 

Ar is the same or different and is selected from tryptophan (W), phenylalanine (F) 
or tyrosine (Y); 

X is the same or different and is a small aliphatic or polar amino acid; 
Z is a branched aliphatic amino acid. 

The method as claimed in any one of claims 5 to 7 wherein said peptide includes one or 
more of the following sequences; 

DGHWANWV 

DGNWAIYV 

DADWAGFI 

DAHWESWL 

DGHWDSWL 

VSTFDSWL 

GTSFDDWL 

The method as claimed in any one of claims 5 to 8 wherein the peptide is DAHWESWL. 
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FIG. 1 
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VSTFDSWL 

GTSFDDWL 
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FIG. 5 
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FIG. 13 



Tm2/P815 Tumours 
Tumour size 220 ! " 




Days post tumour cell inoculation 



SUBSTITUTE SHEET (Rule 26) 



WO 97/11715 



PCT/AU96/00617 



14/17 



FIG. 14 



Direct CTL assay in DBA/2 mice 
immunised with gal-KLH or MFP 




E:T ratio 
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FIG. 15 
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FIG, 16 
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